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(54) Title: A METHOD FOR THE PRODUCTION OF EMULSION-BASED MICRO PARTICLES 



(57) Abstract: The apparatus and methods of the present invention are of use for the production of emulsion-based microparticles 
|^ containing a biological or chemical agent. In particular, the apparatus provides a vessel; packing material situated inside such ves- 
sel and may further provide material capable of insertion into both ends of said vessel for enclosure of the packing material. In a 
particular embodiment, the apparatus is a packed bed apparatus. The methods include production of emulsion based microparticles 
containing a biological or chemical agent. The usefulness of the present invention is that the apparatus and methods of the present 
invention provide for a low-shear, non-turbulent, production of emulsion-based microparticles that provides a narrow, reproducible, 
particle size distribution, capable of use with both large and small volumes that is capable of being conveniently scaled up while 
providing predictable emulsion properties. 
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A METHOD FOR PRODUCTION OF EMULSION-BASED MICROP ARTICLES 



Cross Reference to Related Applications 

This application claims priority from U.S. Provisional Patent Application 
5 Number 60/461 ,860 filed April 10, 2003. 



Field of the Invention 

The present apparatus and methods of using such apparatus relate to the 
field of manufacturing. More particularly, the disclosed apparatus and methods 
10 concern the production of emulsion-based microparticles and a method for producing 
emulsion-based microparticles containing biological or chemical agents. 



Background of the Invention 

Several techniques for the production of microparticles containing biological 
15 or chemical agents by an emulsion-based manufacturing technique have been 

reported. In general, the methods have a first phase consisting of an organic solvent, 
a polymer and a biological or chemical agent dissolved or dispersed in the first 
solvent. The second phase comprises water and a stabilizer and, optionally, the first 
solvent. The first and the second phases are emulsified and, after an emulsion is 
20 formed, the first solvent is removed from the emulsion, producing hardened 
microparticles. 

An alternative method involves the formation of a "double emulsion". In this 
method, a first phase, often called an "internal phase", is produced and normally 

25 consists of water, a biological or chemical agent, and, possibly, a stabilizer. A 

second-phase normally consists of an organic solvent and a polymer. The first and 
second phases are emulsified to form a water-in-oil "internal emulsion". A third- 
phase usually consists of water, a surfactant and, optionally, the second solvent. 
The internal emulsion is then emulsified again with the third phase to form an oil-in- 

30 water "external emulsion". After the external emulsion is formed, the organic solvent 
is removed from the emulsion, producing hardened microparticles. 

Emulsions may be formed by a variety of techniques. One such technique is 
the use of a batch device for mixing the first and second phases under turbulent 
35 conditions such as with a stirrer as disclosed in U.S. Pat. No. 5,407,609. Other batch 
processes may employ a homogenizer or a sonicator. In another technique, an 
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emulsion is formed by continuously mixing the first phase and second phase, in-line, 
using turbulent flow conditions, as in the use of an in-line dynamic mixer or an in-line 
static mixer such as described in U.S. Pat. No. 5,654,008. 

5 When emulsions are created by a turbulent mixing device, such as static and 

dynamic mixers, a turbulent region exists where the two phases mix and the 
emulsion is formed. This mixing technique is problematic because turbulent mixers 
create areas of varying turbulence as some areas in the mixer produce a higher 
turbulence (typically closer to the blades and walls), while other areas produce lower 
10 turbulence (further away from blades and walls). Varying turbulence within the mixer 
results in a wide range of microparticle sizes, which can be undesirable. 

Another problem with using turbulent mixing devices for producing 
microparticles is that a whole range of parameters such as flow rates, viscosities, 
15 densities, surface tension and temperature govern the level of turbulence inside the 
apparatus itself. The sensitivity of a turbulent process to the fluid flow and other 
physical properties makes it difficult to consistently produce a final product with the 
same properties. Batch to batch variation is not acceptable for the majority of 
microparticle products. 

20 

Another problem with turbulent mixing processes for the production of 
microparticles is that some active agents, such as proteins, are sensitive to high 
shear forces that are inherently part of turbulent mixing. Hence, these processes 
cannot be utilized to create microparticles with some common biological or chemical 
25 agents. 

An additional difficulty with turbulent mixing processes relates to scalability. 
Turbulence, and the resulting microparticle properties, cannot be accurately 
predicted when changing the scale of production. This means that any time a 
30 change is made to the turbulent emulsion apparatus, a new set of experiments must 
be conducted in order to establish new guidelines for operation of the device in order 
to create the desired microparticle product. The need for repeated testing whenever 
scaling up production is expensive and time-consuming. 

35 Turbulent-based emulsion devices also have physical limitations, specifically 

with their application of the laws of fluid dynamics. When using turbulent flow mixing 
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devices, the dynamics of a particular mixer is correlated with a particular 
microparticle size and microparticle size distribution. 

In order to achieve the same microparticle size and distribution when scaling 
5 up or scaling down, the same mixing turbulence must be produced in the larger or 
smaller mixer. As scaling up involves a change in the size of the mixer, a change in 
velocity (V) must be accomplished in order to compensate for the change in the 
diameter (D) of the mixer. Thus, application of a turbulent-based process for the 
formation of microparticles becomes especially difficult, and ultimately not practical, 
10 when very low flow rates are desirable because it is hard to achieve the desirable 
turbulence. 

In the above-mentioned production processes, the resultant particle size is a 
function of the shear forces experienced by the two phases when mixed. Shear 

15 forces in these methods vary across the volume being mixed and, as a result, 
produce relatively broad particle size distributions. In the case of production 
processes dependent on turbulent flow, it is difficult to achieve turbulent flow 
conditions for low flow rates such as might be used during exploratory experiments 
with limited volumes, and the performance of larger devices is difficult to predict from 

20 results with small versions. Hence, there is little correlation between the results 

achieved on a small-scale in the laboratory and those achieved in later manufacture- 
sized production with turbulent flow based production processes. 

An alternative method for producing an emulsion utilizes a packed bed 
25 emulsifier, as described in U.S. Pat No. 4,183,681 ('681). The '681 patent describes 
the use of a packed bed emulsifier to form oil-in-water emulsions. Unfortunately, the 
emulsions disclosed do not form microparticles, are directed to applications with 
oil/water phase volume ratios equal to or greater than 1:1 and the packing materials 
that are found to be effective are not compatible with the need for clean and sterile 
30 apparatus such as required for microparticles containing therapeutic chemical or 
biological agents. 

Other alternative emulsion forming techniques may employ filtration 
membranes or passage of fluids through a microchannel device as described in U.S. 
35 Pat. No. 6,281 ,254. These methods require precision fabrication and can be 
cumbersome to scale up to production volumes. 
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Thus, a method is needed for forming emulsion-based microparticles that 
provides a narrow, reproducible, particle size distribution, capable of use with both 
large and small volumes, and is capable of being conveniently scaled up while 
5 providing predictable emulsion properties. Ideally, this method would utilize a non- 
turbulent emulsifier in order to allow its use with all chemical or biological agents. 

SUMMARY OF THE INVENTION 

10 In contrast to known methods of producing microparticles dependent on 

turbulent flow, such as that created with a static or dynamic mixer, the apparatus and 
methods of the present invention utilize laminar flow conditions to produce an 
emulsion that results in microparticles containing biological or chemical agents after 
solvent removal. 

15 

In a broad aspect of the present invention, a process for preparing an 
emulsion that produces microparticles containing biological or chemical agents after 
removal of solvent is provided. 

20 In one embodiment, a first phase containing a solvent, an active agent and a 

polymer and a second phase containing a solvent is passed through a packed bed 
emulsifier under laminar flow conditions producing an emulsion that results in 
microparticles upon solvent removal. 

25 In a second embodiment, a first phase containing a solvent and an active 

agent and a second phase containing a solvent and a polymer are combined to 
create an emulsion. In a particular embodiment, the emulsion is created in a packed 
bed apparatus, a mixer, a sonicator, a vortexer, a homogenizer, and the like. This 
emulsion is then passed through a packed bed apparatus under laminar flow 

30 conditions with a third phase containing a solvent in order to produce an emulsion 
that results in microparticles upon solvent removal. 

In a third embodiment, a method of producing microparticles containing 
biological or chemical agents is provided via production of an emulsion under laminar 
35 flow conditions in a packed bed apparatus where such emulsion is capable of 
producing microparticles upon solvent removal. In a particular embodiment, the 
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emulsion is produced from the mixture of a first and second phase. Such first and 
second phase may be immiscible with one another. 

The first phase solvent may be any organic solvent or water. In a particular 
5 embodiment, the organic solvent is selected from the group consisting of methylene 
chloride, chloroform, ethylacetate, benzyl alcohol, diethyl carbonate and methyl ethyl 
ketone. The first phase may further comprise an emulsion stabilizer. 

The second phase solvent may be any organic solvent or water. The second 
10 phase may further comprise an emulsion stabilizer. 



Any emulsion stabilizer may be utilized with the present invention. In a 
particular embodiment, the stabilizer may be selected from the group consisting of 
poly(vinyl) alcohol), polysorbate, protein, polyvinyl pyrrolidone), and the like. 

15 

The second phase may further comprise an additional solvent selected from 
the group consisting of an organic solvent or water. 



The third phase solvent may be any organic solvent or water. 

20 

The active agent of the present invention may be any biological or chemical 
agent. In a particular embodiment, the active agent is selected from the group 
consisting of antioxidants, porosity enhancers, solvents, salts, cosmetics, food 
additives, textile-chemicals, agro-chemicals, plasticizers, stabilizers, pigments, 

25 opacifiers, adhesives, pesticides, fragrances, antifoulants, dyes, salts, oils, inks, 
cosmetics, catalysts, detergents, curing agents, flavors, foods, fuels, herbicides, 
metals, paints, photographic agents, biocides, pigments, plasticizers, propellants, 
solvents, stabilizers, polymer additives, an organic molecule, an inorganic molecule, 
antiinfectives, cytotoxics, antihypertensives, antifungal agents, antipsychotics, 

30 antibodies, proteins, peptides, antidiabetic agents, immune stimulants, immune 

suppressants, antibiotics, antivirals, anticonvulsants, antihistamines, cardiovascular 
agents, anticoagulants, hormones, antimalarials, analgesics, anesthetics, nucleic 
acids, steroids, aptamers, hormones, steroids, blood clotting factors, hemopoietic 
factors, cytokines, interleukins, colony stimulating factors, growth factors, growth 

35 factor analogs, fragments thereof, and the like. 
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The polymer of the present invention may be any polymer. In a particular 
embodiment, the polymer is selected from the group consisting of of poly(d,l-lactic 
acid), poly(l-lactic acid), poly(glycolic acid), copolymers of the foregoing including 
poly(dj-lactide-co-glycolide) (PLGA), poly(caprolactone), poly(orthoesters), 
5 poly(acetals), poly(hydroxybutryate) and the like. 

In another broad aspect of the present invention, an apparatus capable of 
producing an emulsion that results in microparticles containing biological or chemical 
agents after solvent removal is provided. The apparatus includes a vessel and 
10 packing material. 

Packing material of the present invention can be selected from the group 
consisting of metal, ceramic, plastic, glass and the like. In a particular embodiment, 
the packing material is glass or stainless steel. It may be in a shape selected from 
15 the group consisting of spheres, beads, pellets, chips, fibers, sponges, pillows and 
the like. In a particular embodiment, the beads are spherical. In an additional 
particular embodiment, the spherical beads range in diameter from 20 to 1000 
microns. 

20 Brief Description of the Drawings 

The following drawings form part of the present specification and are included 
to further demonstrate certain embodiments. These embodiments may be better 
understood by reference to one or more of these drawings in combination with the 
detailed description of specific embodiments presented herein. 

25 

Fig. 1. Illustrates an exemplary packed bed apparatus with various components 

according to an embodiment of the present invention. 
Fig. 2. Illustrates an exemplary emulsion system for manufacturing microparticles 

containing a biological or chemical agent including a packed bed apparatus 
30 according to an embodiment of the present invention. 

Detailed Description of the Invention 

The present invention provides an apparatus and methods of using such 
apparatus for the production of microparticles via an emulsion-based technique. In 
35 contrast to previously known methods for the production of emulsion-based 
microparticles, the present invention provides a non-turbulent, or laminar flow, 
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process for producing microparticles with a narrow, reproducible, particle size 
distribution, capable of use with both large and small volumes with the capacity of 
being scaled up while providing consistent predictable properties in the resulting 
larger batches. Microparticles containing many biological or chemical agents may be 
5 produced by the methods of the present invention. 

The present invention overcomes disadvantages of previous methods of 
microparticle production through the use of a non-turbulent or laminar flow, packed 
bed system rather than a mixer. Both static and dynamic mixers create turbulent flow 

10 conditions associated with highly variable microparticle size distributions. The use of 
a packed bed system to create an emulsion provides for even droplets and resultant 
microparticle size distribution, as well as conditions suitable for many chemical or 
biological agents. Additionally, the apparatus and methods of the present invention 
can easily produce scalable results. Desirable batches of microparticles produced in 

15 the laboratory on a small scale can easily be reproduced on a larger manufacturing 
scale merely by utilizing the same packing material in a vessel with a larger diameter. 
This allows for the inexpensive and efficient scaling of the production process once 
the desired microparticles are produced on a small scale in the laboratory. 



20 In a certain embodiment, the methods of the present invention provide a 

continuous process for making an emulsion for microparticle production in a wide 
range of flow rates and volumes. In some embodiments, the methods involve a 
process for making microparticles with a pre-determined size distribution. In 
alternative embodiments, the methods provide a continuous process for making 

25 microparticles at very low flow rates. 



Microparticles of the present invention may be made by any emulsion 
technique known in the art. In one embodiment, the method for producing an 
emulsion for microparticle production includes (1) preparing a first phase typically 
30 containing an organic solvent, a polymer, and one or more biologically active agents 
and/or chemicals; (2) preparing a second phase typically containing water as the 
second solvent, an emulsion stabilizer and optionally a solvent; (3) passing the first 
and second phases through a packed bed apparatus to form an "oil in water" type 
emulsion. 
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In another embodiment, the method for production of an emulsion includes (1) 
preparing a first phase typically containing an organic solvent and an emulsion 
stabilizer; (2) preparing a second phase typically containing water as the second 
solvent, one or more biologically active agents and/or chemicals, and a water soluble 
5 polymer; (3) passing the first and the second phases through a packed bed 
apparatus to form a "water in oil" type emulsion. 

In a third embodiment, the invention provides methods for producing 
emulsions by (1) preparing a first phase containing an organic solvent and, 
10 optionally, an emulsion stabilizer; (2) preparing a second phase containing a second 
organic solvent, one or more biologically active agents and/or chemicals, and a 
polymer; (3) passing the first and the second phases through a packed bed 
apparatus to form an organic emulsion. 

15 In yet another embodiment the invention provides methods for producing 

emulsions by (1) preparing a first phase typically containing water, one or more 
biologically active agents and/or chemicals and an emulsion stabilizer; (2) preparing 
a second phase typically containing an organic solvent and a polymer; (3) preparing 
a third phase typically containing water and optionally containing a stabilizer; (4) 

20 passing the first and the second phases through a packed bed apparatus to form a 
"water in oil" type emulsion; (5) passing the first emulsion and the third phase through 
a second packed bed apparatus to form an "oil in water" emulsion. 

The apparatus and methods of using such apparatus to produce 
25 microparticles are not dependent on turbulent flow. The methods of making 

microparticles of the present invention work at laminar flow rates in contrast with prior 
methods of making microparticles. In the present invention, microparticles with a 
narrow and repeatedly precise particle size distribution can be produced. 
Additionally, they can be produced on a small scale and easily scaled-up to 
30 manufacturing size by merely altering the diameter of the vessel. This was not 

possible with prior turbulent flow methodologies. Surprisingly, making the emulsion 
within a laminar flow regimen solves many of the problems associated with turbulent 
emulsion-forming processes, as described above. 

35 
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Packed Bed Apparatus 

The apparatus of the present invention is a packed bed apparatus for the 
production of microparticles through an emulsion-based technique. Such apparatus 
5 may be a vessel of any shape capable of being filled with packing material that 

allows liquid to flow through it (See Figure 1). The apparatus of the present invention 
may further provide a material capable of insertion into both ends for enclosure of 
materials in such apparatus. Figure 1 illustrates an exemplary apparatus according 
to one embodiment of the present invention. In this embodiment, a tube (1) is filled 
10 with beads as packing material (2). 

The apparatus of the present invention is packed with materials that force the 
liquids to flow through the gaps in between the packing material in order to get 
through the apparatus. The gaps in between the packing material inside the device 
15 may be viewed as many channels which cross each other's path repeatedly as the 
fluids flow through the bed. 

In the present invention, the emulsion is made as the two fluids, or phases 
(typically oil and water), are flowing through the gaps inside the packing. As the two 

20 phases are flowing through the bed of solids, they cross each other's path 
repeatedly, and the continuous phase (usually the water) is dividing the 
discontinuous phase (usually the oil) into droplets, thus creating an emulsion. The 
discontinuous phase droplet size is being reduced repeatedly until a final droplet size 
is achieved. Once the discontinuous droplets have reached a certain size, they will 

25 not be reduced any further even if they continue flowing through the packing. This 
emulsion making mechanism allows the formation of a precisely sized emulsion at 
laminar flow conditions. 

The very unique dynamics of a packed bed allow for the production of 
30 microparticles continuously at very low flow rates, not possible with mixing devices. 
This low flow rate enables the consistent production of high-quality microparticles in 
batches as small as 0.1 grams that maintain consistent particle size distribution. 
Additionally, these very unique flow dynamics also provide for scalability from 
laboratory to manufacturing sized batches. 

35 
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The apparatus and methods of using such apparatus provide an emulsion- 
based process for making microparticles that is insensitive to flow rates within the 
laminar flow region. Unlike turbulent mixer-based process, the methods of the 
present invention are not sensitive to changes in the flow rates, when operated within 
5 a laminar flow region. The flow rate of use in the present invention can be any 
laminar flow rate. In a particular embodiment the flow rate is 0.0001 to 100 
liter/minute. 

The apparatus and methods of using such apparatus provide an emulsion- 
10 based process for making microparticles that is easily scalable from laboratory to 
manufacturing sized batches. A typical batch may demonstrate 10,000 fold 
scalability. In a particular batch, the size of the batch may be selected from the 
group consisting of, but not limited to, 0.1 gram, 1 gram, 10 grams, 50 grams, 100 
grams, 250 grams, 0.5 kilograms, 1 kilogram, 2 kilogram, 5 kilograms, 10 kilograms, 
15 15 kilograms, 20 kilograms, 25 kilograms, 30 kilograms, and the like. One method of 
increasing the scale of a batch of microparticles is to increase the diameter of the 
vessel. Such increase will function to increase the volume of emulsion through the 
vessel, thus directly increasing the size of the batch produced. 

20 The apparatus and methods of using such apparatus provide an emulsion- 

based process for making microparticles that provides for tight control of the particle 
size distribution. Microparticle size distribution may be manipulated by altering the 
packing material size, shape and type; rearranging the inlet or outlet enclosures; 
alteration of the physical properties of the first, second or third phases; altering the 

25 length or width of the vessel and the like. For example, the final microparticle size 
can be determined by the size of the packing material, such as the diameter of a 
glass bead. Additionally, the length of the vessel may directly affect the particle size 
distribution. 

30 The vessel of the present invention may be in any form capable of containing 

the packing material. In a particular embodiment, the apparatus is in the form of a 
tube. The cross section may be of any compatible shape including rectangular, 
square and round. In a particular embodiment, the cross section is approximately 
circular. The vessel may be of any length. In a particular embodiment, the length of 

35 the vessel may range from 1 cm to 100 meters. In another particular embodiment, 
such vessel is 10 to 50 cm. 
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Packing material of use in the present invention may be anything capable of 
inclusion within the device. In a particular embodiment, such packing material may 
include, but is not limited to, spheres, beads, pellets, chips, fibers, sponges, pillows, 
5 and the like in any shape or form. In a particular embodiment, the packing is 
approximately spherical. Material for the packing may be metal, ceramic, plastic, 
glass and the like. In one embodiment, the packing material is glass or non-reactive 
metal. In a particular embodiment, the packing material is boro-silicate glass beads 
or stainless steel beads. The diameter of the beads may range from 20 to 2000 
10 microns. In a particular embodiment, the beads may be in the range of 50 to 1000 
microns. 

Microparticle size is partially determined by the size and shape of individual 
packing material particles. Large and misfit packing materials generally pack 

15 together less closely than smaller packing material particles and produce larger gaps 
for the fluids to flow through. Larger gaps in the packing material produce larger 
microparticles and smaller gaps in the packing material produce smaller 
microparticles. The flow rate doesn't affect the size of the microparticles produced 
from a particular apparatus. Microparticles can vary in size, ranging from submicron 

20 to millimeter diameters. In one embodiment, microparticles are 1-200 microns in 
order to facilitate administration to a patient through a standard gauge needle. In a 
particular embodiment, the microparticles are between 10-100 microns. 

The phases may be introduced into the packed bed emulsifier by any method. 

25 In one embodiment, the phases are introduced through pipes or tubes and may be 

pumped, forced by gas or another type of pressure source, fed by gravity or pulled by 
a vacuum at the discharge side of the packed bed emulsifier. The liquid phases may 
be carried by pipes comprising stainless steel, glass or plastic compatible with the 
solvents and temperatures used. The fluid phases may be at ambient temperature or 

30 at any temperature required between approximately freezing and approximately 
boiling for the particular fluid. The apparatus and methods of the present invention 
may be utilized at any pressure compatible with the equipment utilized. The pressure 
may be adjusted to whatever pressure is necessary to overcome the resistance of 
the packing bed and provide a flow rate in the laminar flow region. 
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Microparticles containing a biological or chemical agent are collected from the 
emulsion product of the packed bed apparatus via solvent extraction. Such 
techniques are known in the art. 

5 The first and second phases of the present invention are any two fluids that 

are immiscible with one another. If a third phase is utilized in the production of 
microparticles, the resulting product from the first and second phases is combined 
with the third phase. In this case, the product from the combination of the first and 
second phases and the third phase are any two fluids that are immiscible with one 
10 another. 

Solvents for the first phase may be any organic or aqueous solvents. 
Examples of solvents include, but are not limited to, water, methylene chloride, 
chloroform, ethyl acetate, benzyl alcohol, diethyl carbonate, methyl ethyl ketone and 
15 mixtures of the above. In a particular embodiment, the solvent is ethyl acetate or 
methylene chloride. 

The first phase may comprise a solution of the biodegradable polymer and 
the biological or chemical agent as a solution or suspension. Alternatively the 
20 biological or chemical agent is dissolved or suspended in the second phase. 

Solvents for the second phase may be any organic or aqueous fluid that is 
immiscible with the first phase. Examples include, but are not limited to, water, a 
water-based solution, an organic solvent, and the like. In a particular embodiment, 
25 the second phase contains water, an emulsion stabilizer and optionally a solvent. In 
another particular embodiment, the second phase contains water, one or more 
biological or chemical agents and optionally a water soluble polymer. In another 
particular embodiment, the second phase contains a second organic solvent, one or 
more biological or chemical agents and a polymer. 

30 

A holding tank or feed vessel may be utilized in the present invention to hold 
the first or second phases (See Figure 2). The holding tanks or feed vessels may be 
jacketed or otherwise equipped to provide temperature control of the contents. A tube 
may run from each one through a pump and later merge with the tube from the other 
35 one to the entrance to the packed bed apparatus. The merge may also happen at 
the entrance of the packed bed apparatus or inside the packed bed apparatus itself. 
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Additionally, the packed bed apparatus may include pumps or other means of moving 
the phases into and through the packed bed apparatus. The phases may flow from 
the holding tanks or feed vessels into the packed bed apparatus without pumps, by 
simple gravity, by pressure or by a vacuum from the other end of the packed bed 
5 apparatus, and the like. The tubes may further include addition of flow meters, 

feedback control, flow rate programming via programmed logic control, and the like. 

Emulsion stabilizers of use in the present invention may include, but are not 
limited to, polyvinyl alcohol), polysorbate, protein such as albumin, polyvinyl 
10 pyrrolidone). In a particular embodiment, polyvinyl alcohol) is used. The 

concentration of emulsifier may be in the range 0% to 20%, preferably 0.5% to 5%. 

Biodegradable polymers of use in the present invention include, but are not 
limited to, poly(d,l-lactic acid), poly(l-lactic acid), poly(glycolic acid), copolymers of the 
15 foregoing including poly(d,Mactide-co-glycolide) (PLGA), poly(caprolactone), 

poly(orthoesters), poly(acetals), poly(hydroxybutryate). In a particular embodiment, 
the biodegradable polymer is PLGA. PLGA may have a monomer ratio of 
lactide:glycolide in the range of about 40:60 to 100:0 or from about 45:55 to 100:0. 

20 In a certain embodiment, the inherent viscosity of the biodegradable polymer 

may be in the range 0.1 to 2.0 dL/g. Preferably the range is from about 0.1 to about 
1.0 dL/g. The biodegradable polymer is included at a concentration in the range 1% 
to 40% w/w, preferably in the range 5% -20% w/w. 

25 Biological agents of use in the present invention may be any agent capable of 

having an effect when administered to an animal or human. In a particular 
embodiment, they include, but are not limited to, an organic molecule, an inorganic 
molecule, antiinfectives, cytotoxics, antihypertensives, antifungal agents, 
antipsychotics, antibodies, proteins, peptides, antidiabetic agents, immune 

30 stimulants, immune suppressants, antibiotics, antivirals, anticonvulsants, 

antihistamines, cardiovascular agents, anticoagulants, hormones, antimalarials, 
analgesics, anesthetics, nucleic acids, steroids, aptamers, hormones, steroids, blood 
clotting factors, hemopoietic factors, cytokines, interleukins, colony stimulating 
factors, growth factors and analogs, fragments thereof and the like. 

35 
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Chemical agents of use in the present invention may be any synthetic or 
natural agent. In a particular embodiment, they include, but are not limited to, 
antioxidants, porosity enhancers, solvents, salts, cosmetics, food additives, textile- 
chemicals, agro-chemicals, plastisizers, stabilizers, pigments, opacifiers, adhesives, 
5 pesticides, fragrances, antifoulants, dyes, salts, oils, inks, cosmetics, catalysts, 
detergents, curing agents, flavors, foods, fuels, herbicides, metals, paints, 
photographic agents, biocides, pigments, plasticizers, propellants, solvents, 
stabilizers, polymer additives and the like. 

10 The methods of the present invention are functional at any temperature within 

the operating range of the equipment, solvents and active agent. Factors that 
determine the appropriate temperature for a particular process include the optimum 
temperature for the two phases to be pumped through the packed bed apparatus. If 
a third phase is utilized, the temperature for the first packed bed apparatus may be 

1 5 the same or different than that of the second packed bed apparatus. The 

temperature needs to be such that the two phases are of a desirable viscosity. 
Additionally, the solubility of the polymer and active molecule may require an 
increase in temperature in order to produce a complete solution. The temperature 
may additionally be affected by the stability limit of the biological or chemical agent. 

20 Typical operating temperatures may range from 18 to 22 C, 15 to 30 C, 10 to 70 C, 0 
to 96 C, and the like. In general, temperature may range from -273 to 150 C. 

The microparticles of the present invention can be used for any purpose. In a 
particular embodiment, they are administered to a patient. They may be 
25 administered to patients in a single or multiple dose. The microparticles may also be 
administered in a single dose form that functions to further release the biological or 
chemical agent over a prolonged period of time, eliminating the need for multiple 
administrations. 

30 The microparticles of the present invention can be stored as a dry material. 

In the instance of administration to a patient, prior to such use, the dry microparticles 
can be suspended in an acceptably pharmaceutical liquid vehicle, such as a 2.5 wt. 
% solution of carboxymethyl cellulose in water. Upon suspension, the microparticles 
may then be injected into the patient or otherwise utilized. 

35 
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Definitions 

For the purposes of the present invention, the following terms shall have the 
following meanings: 

5 

Moreover, for the purposes of the present invention, the term "a" or "an" entity 
refers to one or more of that entity; for example, "a protein" or "an estradiol 
metabolite molecule" refers to one or more of those compounds or at least one 
compound. As such, the terms "a" or "an", "one or more" and "at least one" can be 
10 used interchangeably herein. It is also to be noted that the terms "comprising," 
"including," and "having" can be used interchangeably. Furthermore, a compound 
"selected from the group consisting of refers to one or more of the compounds in the 
list that follows, including mixtures (i.e. combinations) of two or more of the 
compounds. 

15 

For the purposes of the present invention, the term "biodegradable" refers to 
polymers that dissolve or degrade in vivo within a period of time that is acceptable in 
a particular therapeutic situation. This time is typically less than five years and 
usually less than one year after exposure to a physiological pH and temperature, 
20 such as a pH ranging from 6 to 9 and a temperature ranging from 25C to 38C. 

For the purpose of the present invention, the term "packed bed apparatus" 
refers to any vessel containing packing material capable of creating an emulsion 
upon contact with two immiscible fluids. 

25 

For the purposes of the present invention, the term "active agent" refers to 
any biological or chemical agent. 

Having generally described the invention, a further understanding can be 
30 obtained by reference to certain specific examples which are provided herein for 
purpose of illustration only and are not intended to be limiting unless otherwise 
specified. 
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Examples 

The following examples are included to demonstrate particular embodiments 
of the invention. It should be appreciated by those of skill in the art that the 
5 techniques disclosed in the examples which follow represent techniques discovered 
by the inventors to function well in the practice of the invention, and thus can be 
considered to constitute preferred modes for its practice. However, those of skill in 
the art should, in light of the present disclosure, appreciate that many changes can 
be made in the specific embodiments which are disclosed and still obtain a like or 
10 similar result without departing from the spirit and scope of the invention. 

Example 1 : Preparation of Biodegradable Polymer Microspheres. 

A first phase containing 10% PLGA was prepared by dissolving 10 grams 
85:15 PLGA (Medisorb 8515DLC01, Alkermes, Inc., 6960 Cornell Rd., Cincinnati, OH 
15 45242) in 90 grams of ethyl acetate. The second phase was prepared by dissolving 
two grams of poly(vinyl-alcohol) (PVA) and 16 grams of ethyl acetate in 198 grams of 
water. Both solutions were placed inside separate temperature-controlled feed 
vessels at 20°C (Figure 2). 

20 The second phase was pumped through a packed bed apparatus (6 mm 

Polytetrafluoroethylene (PTFE) tubing, 150 mm long, filled with 500// glass beads) of 
the present invention at a rate of 1 ml/min. The first phase was pumped at the same 
time through the same packed bed apparatus at a flow rate of 1 ml/min. The 
emulsion was collected in an excess volume of water, the solvent was removed and 

25 the hardened microparticles separated. 

The microspheres were analyzed by laser light scattering for size distribution 
with the following results: 

30 Mean Diameter = 46 jjm (volume statistics) 

D10 = 35/ym 
D50 = 46 jjm 
D90 = 58 fjm 

35 
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Example 2 : Preparation of 2-Methoxyestadiol (2ME) Microspheres. 

A first phase was prepared by dissolving 200 mg of 2ME and 400 mg of 50:50 
PLGA in 7 ml of ethyl acetate. 2 grams of poly(vinyl-alcohol) (PVA) were dissolved in 
198 grams of water to prepare the second phase. Both phases were then placed 
5 inside temperature-controlled water baths at 65°C. 



The second phase was pumped through a packed bed apparatus (6 mm 
PTFE tubing, 150 mm long, filled with 500 jj glass beads) of the present invention at 
a rate of 1 .5 ml/min. The first phase was pumped at the same time through the same 
10 packed bed apparatus at a flow rate of 1 ml/min. The emulsion was collected inside 
a glass beaker where the solvent was removed from the emulsion droplets. 

The hardened microspheres were centrifuged, and the microspheres were 
washed 3 times with water. The microspheres were analyzed for particle size 
15 distribution with the following results: 



Mean Diameter = 40 //m (volume statistics) 
D10 = 27 A/m 
D50 = 40 jjxx\ 
20 D90 = 53 jjm 



Example 3 : Preparation of PEGylated Insulin Microspheres. 

A first phase was prepared by dissolving 213 mg of PEGylated insulin (U.S. 
Provisional Application No. 60/462,364 entitled "Method for Preparation of Site- 
25 Specific Protein Conjugates") and 748 mg of 45:55 PLGA in 10 ml of methylene 

chloride. Next, 2 grams of poly(vinyl-alcohol) (PVA) were dissolved in 198 grams of 
water to prepare the second phase. 



The first phase was pumped through a packed bed apparatus (6 mm PTFE 
30 tubing, 150 mm long, filled with 500 jj glass beads) of the present invention at a rate 
of 1 .7 ml/min. The second phase was pumped at the same time through the same 
packed bed apparatus at a flow rate of 0.7 ml/min. The emulsion was collected 
inside a glass beaker where the solvent was removed by evaporation. 
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The finished microspheres were filtered and washed with water, and then 
dried open to the atmosphere overnight. The dried microspheres were analyzed for 
particle size distribution with the following results: 

5 Mean Diameter = 61 /ym (volume statistics) 

D10 = 42 /vm 
D50 = 60 /vm 
D90 = 79 //m 

10 Example 4 : Preparation of Double-Emulsion Microspheres. 

A first phase was prepared by dissolving 4.5 g of 65:35 PLGA in 40.5 g ethyl 
acetate. Next, a second phase was prepared by dissolving 225 mg ovalbumin in 7.5 
g water. Next, 2 g of poly(vinyl-alcohol) (PVA) and 5 g of ethyl acetate were 
dissolved in 192 g of water to prepare the third phase . 

15 

The first phase was pumped through the same packed bed apparatus at a 
flow rate of 5.0 ml/min. The second phase was pumped through a packed bed 
apparatus (1 inch stainless steel tube, 200 mm long, filled with 50// glass beads) of 
the present invention at the same time at a rate of 1 .0 ml/min. The internal emulsion 

20 coming out of the first packed bed apparatus as a result of the mixture of the first and 
second phases was then directed into a second packed bed apparatus (1/2 inch 
stainless steel tube, 200 mm long, filled with 500 /y glass beads) of this invention. 
The third phase was pumped at the same time through the second packed bed 
apparatus at a rate of 13 ml/min. The resultant emulsion product coming out of the 

25 second packed bed apparatus was collected inside a glass beaker where the solvent 
was removed. 

The finished microspheres were filtered and washed with water, and then 
lyophilized overnight. The dried microspheres were analyzed for particle size 
30 distribution with the following results: 

Mean = 35 /ym (volume statistics) 
Median = 35 /vm (volume statistics) 
Standard Deviation = 13.5//m 

35 
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Example 5 : Preparation and Scale-Up of a Packed Bed Apparatus 

An apparatus for the production of microparticles containing Estradiol 
Benzoate with a particle size distribution in the range of 25-60 microns was made of 
stainless steel tubing, 1 inch in diameter, and 200 mm in length. The tubing was 
5 packed with glass beads with an average diameter of 375 microns. 

A 15% PLGA phase one solution was prepared by dissolving 150 grams 
85:15 PLGA (Medisorb 8515DLC01, Alkermes, Inc., 6960 Cornell Rd., Cincinnati, OH 
45242) in 850 grams of ethyl acetate. 75 grams of estradiol benzoate was added to 
10 the solution and stirred at 60°C until completely dissolved. Next, 20 grams of 
poly(vinyl-alcohol) (PVA) and 100 grams of ethyl acetate were dissolved in 1880 
grams of water to form the second phase. Both solutions were placed inside 
separate temperature-controlled feed vessels at 60°C (Figure 2). 

15 The second phase was pumped through the above packed bed apparatus at 

a rate of 30 ml/min. The first phase was pumped at the same time through the same 
packed bed apparatus at a flow rate of 30 ml/min. The emulsion was collected inside 
a tank where the solvent was removed. 

20 The finished microspheres were filtered and washed with water, and then 

dried under vacuum. The dried microspheres were analyzed for particle size 
distribution with the following results: 

Mean = 38 /ym (volume statistics) 
25 Median = 38 jjrr\ (volume statistics) 

Standard Deviation = 8.4 /ym 

Example 6: Scale Up of Batch Size for Making Estradiol Benzoate 
Microspheres 

30 In order to demonstrate the scalability of the Packed Bed apparatus and 

process, a 1 kg batch of microparticles containing Estradiol Benzoate were produced 
with a projected microparticle distribution range of 35-100 microns. A Packed Bed 
Apparatus was built of 1-inch stainless steel tubing, 200 mm in length and packed 
with glass beads having an average diameter of 500 microns. 

35 
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A 16.7% PLGA first phase solution was prepared by dissolving 800 grams 
85:15 PLGA (Medisorb 8515DLC01, Alkermes, Inc., 6960 Cornell Rd., Cincinnati, OH 
45242) in 3990 grams of ethyl acetate. 200 grams of estradiol benzoate was added 
and stirred at 60°C until completely dissolved. Next, 100 grams of poly(vinyl-alcohol) 
5 (PVA) and 500 grams of ethyl acetate were dissolved in 9400 grams of water to form 
the second phase. Both solutions were placed inside separate temperature- 
controlled holding tanks at 60°C (Figure 2). 

The second phase was pumped through the packed bed apparatus at a rate 
10 of 50 ml/min. The first phase was pumped at the same time through the same 

packed bed apparatus at a flow rate of 50 ml/min. The emulsion was collected inside 
a tank where the solvent was removed. 

The finished microspheres were filtered and washed with water, and then 
15 dried under vacuum. The dried microspheres were analyzed for particle size 
distribution with the following results: 

Mean = 66 /ym (volume statistics) 
Median = 66 //m (volume statistics) 
20 Standard Deviation = 21 jjm 

Example 7: Scale Up of Packed Bed Apparatus and Flow Rates 

This example demonstrates the application of a Packed Bed Apparatus for 
making microspheres at higher flow rates. A new Packed Bed Apparatus was built 
25 with stainless steel tubing 2-inch in diameter, 200 mm in length, and packed with 
glass beads with an average diameter of 465 microns. 

A 10% PLGA first phase solution was prepared by dissolving 130 grams 
85:15 PLGA (Medisorb 851 5DLC01, Alkermes, Inc., 6960 Cornell Rd., Cincinnati, OH 
30 45242) in 1 170 grams of ethyl acetate. Next, 30 grams of poly(vinyl-alcohol) (PVA) 
and 210 grams of ethyl acetate were dissolved in 2760 grams of water to form the 
second phase. Both solutions were placed inside separate temperature-controlled 
feed vessels at 50°C (Figure 2). 

35 The second phase was pumped through the above packed bed apparatus at 

a rate of 300 ml/min. The first phase was pumped at the same time through the 
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same packed bed apparatus at a flow rate of 300 ml/min. The emulsion was 
collected inside a tank where the solvent was removed. 

The finished microspheres were analyzed for particle size distribution with the 
5 following results: 

Mean = 28 //m (volume statistics) 
Median = 30 /vm (volume statistics) 
Standard Deviation = 9.8 jjm. 

10 

All of the METHODS and APPARATUS disclosed and claimed herein can be 
made and executed without undue experimentation in light of the present disclosure. 
While the methods have been described in terms of particular embodiments, it will be 
apparent to those of skill in the art that variations can be applied to the METHODS 

15 and APPARATUS and in the steps or in the sequence of steps of the methods 
described herein without departing from the concept, spirit and scope of the 
invention. More specifically, it will be apparent that certain agents that are both 
chemically and/or physiologically related may be substituted for the agents described 
herein while the same or similar results would be achieved. All such similar 

20 substitutes and modifications apparent to those skilled in the art are deemed to be 
within the spirit, scope and concept of the invention as defined by the appended 
claims. 
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A method of preparing microparticles, comprising: 

(a) preparing a first phase, said first phase comprising a solvent, 
active agent and a polymer; 

(b) preparing a second phase comprising a solvent; 

(c) passing said first phase and said second phase through a packed 
bed apparatus under laminar flow conditions, wherein said method 
results in the formation of microparticles; and 

(d) collecting said microparticles containing said active agent. 

The method of claim 1, wherein said packed bed apparatus contains 
packing material selected from the group consisting of metal, ceramic, 
plastic and glass. 

The method of claim 2, wherein said packing material is selected from 
the group consisting of glass and stainless steel. 

The method of claim 2, wherein said packing material is in the form of 
spheres, beads, pellets, chips, fibers, sponges and pillows. 

The method of claim 1 , wherein said first phase comprising a solvent 
is selected from the group consisting of an organic solvent and water. 

The method of claim 5, wherein said organic solvent is selected from 
the group consisting of methylene chloride, chloroform, ethyl acetate, 
benzyl alcohol, diethyl carbonate and methyl ethyl ketone. 

The method of claim 1, wherein said second phase comprising a 
solvent is selected from the group consisting of an organic solvent and 
water. 

The method of claim 7, wherein said solvent is water. 

The method of claim 1 , wherein said second phase further comprises 
an emulsion stabilizer. 
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The method of claim 9, wherein said emulsion stabilizer is selected 
from the group consisting of polyvinyl alcohol), polysorbate, protein 
and polyvinyl pyrrolidone). 

The method of claim 10, wherein said protein is albumin. 

The method of claim 1 , wherein said second phase further comprises 
a second solvent. 

The method of claim 12, wherein said solvent is selected from the 
group consisting of an organic solvent and water. 

The method of claim 1 , wherein said active agent is selected from the 
group consisting of antioxidants, porosity enhancers, solvents, salts, 
cosmetics, food additives, textile-chemicals, agro-chemicals, 
plasticizers, stabilizers, pigments, opacifiers, adhesives, pesticides, 
fragrances, antifoulants, dyes, salts, oils, inks, cosmetics, catalysts, 
detergents, curing agents, flavors, foods, fuels, herbicides, metals, 
paints, photographic agents, biocides, pigments, plasticizers, 
propellants, solvents, stabilizers, polymer additives, an organic 
molecule, an inorganic molecule, antiinfectives, cytotoxics, 
antihypertensives, antifungal agents, antipsychotics, antibodies, 
proteins, peptides, antidiabetic agents, immune stimulants, immune 
suppressants, antibiotics, antivirals, anticonvulsants, antihistamines, 
cardiovascular agents, anticoagulants, hormones, antimalarials, 
analgesics, anesthetics, nucleic acids, steroids, aptamers, hormones, 
steroids, blood clotting factors, hemopoietic factors, cytokines, 
interleukins, colony stimulating factors, growth factors, growth factor 
analogs and fragments thereof. 

The method of claim 1, wherein said polymer is selected from the 
group consisting of poly(d,l-lactic acid), poly(l-lactic acid), poly(glycolic 
acid), copolymers of the foregoing including poly(d,l-lactide-co- 
glycolide) (PLGA), poly(caprolactone), poly(orthoesters), poly(acetals) 
and poly(hydroxybutryate). 
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A method of preparing microparticles, comprising: 

(a) preparing a first phase, said first phase comprising a solvent and 
an active agent; 

(b) preparing a second phase comprising a solvent and a polymer; 

(c) preparing a third phase containing a solvent; 

(d) combining said first phase and said second phase to create an 
emulsion; 

(e) passing said emulsion through a packed bed apparatus under 
laminar flow conditions with said third phase, wherein said method 
results in the formation of microparticles; and 

(f) collecting said microparticles containing said active agent. 

The method of claim 16, wherein said packed bed apparatus contains 
packing material selected from the group consisting of metal, ceramic, 
plastic and glass. 

The method of claim 17, wherein said packing material is in the form 
of spheres, beads, pellets, chips, fibers, sponges and pillows. 

The method of claim 18, wherein said packing material is selected 
from the group consisting of glass and stainless steel. 

The method of claim 16, wherein said first phase comprising a solvent 
is selected from the group consisting of an organic solvent and water. 

The method of claim 20, wherein said first phase includes a water- 
based solution. 

The method of claim 16, wherein said second phase comprising a 
solvent is selected from the group consisting of an organic solvent and 
water. 

The method of claim 22, wherein said solvent is an organic solvent. 
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The method of claim 16, wherein said first phase further comprises an 
emulsion stabilizer. 

The method of claim 24, wherein said emulsion stabilizer is selected 
from the group consisting of polyvinyl alcohol), polysorbate, protein 
and polyvinyl pyrrolidone). 

The method of claim 25, wherein said protein is albumin. 

The method of claim 16, wherein said second phase further comprises 
a second solvent. 

The method of claim 27, wherein said solvent is selected from the 
group consisting of an organic solvent and water. 

The method of claim 16, wherein said active agent is selected from 
the group consisting of antioxidants, porosity enhancers, solvents, 
salts, cosmetics, food additives, textile-chemicals, agro-chemicals, 
plasticizers, stabilizers, pigments, opacifiers, adhesives, pesticides, 
fragrances, antifoulants, dyes, salts, oils, inks, cosmetics, catalysts, 
detergents, curing agents, flavors, foods, fuels, herbicides, metals, 
paints, photographic agents, biocides, pigments, plasticizers, 
propellants, solvents, stabilizers, polymer additives, an organic 
molecule, an inorganic molecule, antiinfectives, cytotoxics, 
antihypertensives, antifungal agents, antipsychotics, antibodies, 
proteins, peptides, antidiabetic agents, immune stimulants, immune 
suppressants, antibiotics, antivirals, anticonvulsants, antihistamines, 
cardiovascular agents, anticoagulants, hormones, antimalarials, 
analgesics, anesthetics, nucleic acids, steroids, aptamers, hormones, 
steroids, blood clotting factors, hemopoietic factors, cytokines, 
interleukins, colony stimulating factors, growth factors, growth factor 
analogs and fragments thereof. 

The method of claim 16, wherein said polymer is selected from the 
group consisting of poly(d,l-lactic acid), poly(l-lactic acid), poly(glycolic 
acid), copolymers of the foregoing including poly(d,Mactide-co- 
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glycolide) (PLGA), poly(caprolactone), poly(orthoesters), poly(acetals) 
and poly(hydroxybutryate). 

The method of claim 16, wherein said first phase and said second 
phase create an emulsion in an apparatus selected from the group 
consisting of a packed bed apparatus, a mixer, a sonicator, a vortexer 
and a homogenizer. 

A method of producing microparticles containing biological or chemical 
agents, comprising: 

(a) preparing an emulsion in a packed bed apparatus under laminar 

flow conditions, wherein said method results in the formation of 
microparticles; and 

(b) collecting said microparticles. 

The method of claim 32, wherein said emulsion is produced from the 
mixture of a first and second phase wherein said first and second 
phase are immiscible with one another. 

The method of claim 33 wherein said first phase includes a solvent 
selected from the group consisting of an organic and aqueous solvent. 

The method of claim 33, wherein said second phase includes a 
solvent selected from the group consisting of an organic and an 
aqueous solvent. 

An apparatus for the preparation of emulsion-based microparticles 
containing biological or chemical agents comprising (1) a vessel; and 
(2) packing material situated therein. 

The apparatus of claim 36, wherein said packing material is selected 
from the group consisting of metal, ceramic, plastic, and glass. 

The apparatus of claim 37, wherein said packing material is glass or 
stainless steel. 
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The apparatus of claim 36, further comprising a material capable of 
enclosing said packing material within said vessel 

The apparatus of claim 38, wherein said packing material is spherical 
beads. 

The apparatus of claim 40, wherein said spherical beads range in size 
from 20 to 1000 microns in diameter. 
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Figure 1 - Packed Bed Apparatus 
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